We present the results of a large search for intrinsic HI 21 cm and OH 18 cm absorption in 145 compact radio sources in the redshift range 0.02 < z < 3.8 with the Green Bank Telescope. We re-detect HI 21 cm absorption toward six known absorption systems but detect no new HI or OH absorption in 102 interference-free sources. 79 sources have not previously been observed for HI 21 cm absorption. We recover a mean optical depth limit of τ 3σ < 0.023 for all the non-detections in the survey. Our results do not support the high intrinsic absorption rates found by previous studies in compact radio sources at low redshift. Our results do, however, support the hypothesis proposed by Curran et al. (2008) that high ultraviolet (UV) luminosity active galactic nuclei (AGN) do not show intrinsic HI 21 cm absorption, confirming a threshold of L UV = 10 23 W Hz −1 , above which our intrinsic absorption fraction is zero (54 sources). The exact nature of the UV luminosity effect on HI absorption systems remains ambiguous. We additionally find no statistical correlation between the 1.4 GHz radio luminosity or the source size and the 21 cm absorption detection rate. We attribute the lack of intrinsic absorption in our survey to the UV luminosity effect caused by an optical selection bias and a decreased column density sensitivity with increasing redshift due to lower radio continuum flux densities, high radio frequency interference, and higher telescope system temperatures at low frequencies.
INTRODUCTION
Many compact radio sources are likely to be young and/or confined radio jets. It is likely that these very young and emerging jets are still contained within their host galaxy, potentially providing favorable sites to observe the interactions between the young, compact jets and the intrinsic gaseous interstellar medium (ISM) near the central active galactic nuclei (AGN) within their galaxies (O'Dea & Baum 1997; Owsianik & Conway 1998; Readhead et al. 1996) .
One of the best observational tracers of the intrinsic ISM is with observations of the cold neutral medium (CNM) as traced by the hyperfine spin-flip transition of neutral hydrogen, the HI 21 cm line. When cold neutral hydrogen (T ∼ 100 K) is present, absorption of the 21 cm line against these compact radio sources gives the ability to detect neutral hydrogen absorption systems at any redshift. The 21 cm absorption line could thus be an invaluable probe of the kinematics and morphology of the neutral gas in the nuclear regions of galaxies. Studies of HI quite often employ the use of compact radio sources as the best targets to detect 21 cm absorbers as the jets are still contained within their host galaxies, providing insight to the possible feedback interactions of these young jets with the neutral ambient medium.
Since the seminal work of Roberts (1970) that identified extragalactic associated HI 21 cm absorption in NGC 5128, a large number of HI 21 cm absorption studies have been carried out in an attempt to provide a better understanding of the properties of neutral gas, especially within compact radio source host galaxies. The discovery of blueshifted HI absorption systems at large velocities ( −1000 km s −1 ; Vermeulen et al. 2003 ) with respect to the systemic optical redshift of the galaxy hosting the compact radio source is indicative of jet-driven outflows of neutral gas. This signifies a unique avenue in which to study the fueling of the AGN as well as the effects of AGN feedback and its interaction with the environment and gas kinematics of the host galaxy.
The majority of HI 21 cm absorption systems have high column density and are damped Lyα (DLA; N HI ≥ 2 × 10 20 cm −2 ) systems. The vast majority of 21 cm absorption systems have low redshifts, z 1 (for a compiled literature list, see Curran et al. 2016 ) but some of intrinsic absorbers do lie above z 1 (Uson et al. 1991; Moore et al. 1999; Ishwara-Chandra et al. 2003; Curran et al. 2013; Aditya et al. 2017; Aditya & Kanekar 2018a ). Previous surveys have identified a few commonalities exhibited in intrinsic HI 21 cm absorbers:
(1) High detection rates, of order 30-50%, are found in surveys of compact radio sources at redshift z 1 (e.g., Vermeulen et al. 2003; Pihlström et al. 2003; Gupta et al. 2006; Geréb et al. 2015; Maccagni et al. 2017 ) whereas the detection rates in higher redshift surveys are signif-icantly lower (e.g., Curran et al. 2008 Curran et al. , 2011 Aditya et al. 2016 Aditya et al. , 2017 Curran et al. 2017; Moss et al. 2017) . The deficiency of HI 21 cm absorbers at high redshift could arise from detection biases in sample selection or could signify physical changes in the reservoirs of cold neutral gas, AGN activity, or radio emission at earlier cosmic time (although neutral gas fractions are generally expected to increase with redshift; Rhee et al. 2018 , and references therein).
(2) No intrinsic 21 cm absorption system has ever been detected toward objects with an ultraviolet (UV) luminosity L UV > 10 23 W Hz −1 (Curran et al. 2008 (Curran et al. , 2011 (Curran et al. , 2017 at any redshift. This luminosity is indicative of a UV bright, unobscured quasar with minimal extinction along the line of sight. While the exact nature of the UV luminosity's effect on neutral gas remains somewhat ambiguous, the observed threshold likely represents an analogue to the AGN "proximity effect" seen in UV absorption line studies (Bajtlik et al. 1988 ). The effect on the HI 21 cm absorption line could be the result of ionization of gas from the UV radiation (Curran et al. 2019) , an increase in the spin temperature of the cold neutral medium (e.g., , effectively decreasing the observed line optical depth for a given column density, or simply identifying systems that are unextincted and have little gas and dust along the line of sight.
(3) High redshift, optically bright AGN are most likely to have spectroscopic redshifts. Most radio sources with spectroscopic redshifts beyond z ∼ 1.2 have UV luminosities in excess of L UV > 10 23 W Hz −1 . The UV luminosity threshold effect is therefore especially problematic for high redshift 21 cm absorption line detection because optical spectroscopic redshifts of AGN rely on rest-frame UV emission lines, biasing target selection toward the brightest UV sources that have never been detected in 21 cm absorption.
Another gas tracer that may be associated with neutral hydrogen absorption is the hydroxyl molecule (OH). OH shows absorption, emission, and maser activity in four hyperfine and lambda-doubled transitions at 18 cm. Cospatial HI and OH lines allow one to constrain the cosmic evolution of several physical constants: the electronproton mass ratio µ ≡ m p /m e , the fine structure constant α = e 2 / c, and the proton g-factor g p Darling 2003 Darling , 2004 Kanekar & Chengalur 2004; Kanekar et al. 2005; Tzanavaris et al. 2005) . The fine structure constant α parametrizes the strength of electromagnetic interactions, and some quasar studies suggest a decrease in α in the early universe (e.g., Cowie & Songaila 1995; Murphy et al. 2001; Darling 2004; Tzanavaris et al. 2007; Kanekar et al. 2006; Srianand et al. 2010; Rahmani et al. 2012) . Changes in the physical constants over cosmic time will cause spectral lines to shift from their relative measured values at present-day and have implications for physics and cosmology.
Redshifted OH systems are rarer than HI 21 cm absorption systems and are always found in systems that are detected in 21 cm absorption as well. Five OH 18 cm absorption line systems are known to date at z > 0.2 (Chengalur et al. 1999; Darling 2004; Kanekar et al. 2005 Kanekar et al. , 2012 , and none lie beyond z = 1. Compact radio sources still confined within the host galaxy are the perfect environment to search for molecular systems, producing optimal conditions to observed OH absorption lines, especially the conjugate 6 OH lines, systems in which OH gas complexes become sources of coupled weak maser emission and non-thermal absorption. Large surveys over a broad redshift range are required to detect the rare coincidence of HI 21 cm and OH 18 cm absorption lines.
In this paper, we perform a large survey for intrinsic HI 21 cm and OH 18 cm absorption in the host galaxies of 145 compact radio sources, including GHz-Peaked Spectrum (GPS), Compact Steep-Spectrum (CSS), Compact Symmetric Objects (CSOs), and Flat-Spectrum Radio Sources (FSRSs; see Section 2 for further discussion of these classifications), using the Green Bank Telescope 7 (GBT) selected across the redshift range (0.02 < z < 3.8) in an attempt to increase the number of known absorbers, especially at high redshift. In addition to the results of our search for intrinsic HI and OH absorption, we examine several biases that influence the detection of intrinsic absorption, including redshift selection, UV luminosity, radio luminosity, radio source size, covering factor, and spin temperature. We explore the possibility that the nature of our high redshift selection of radio sources biases the results against detection of intrinsic 21 cm absorption. Previous 21 cm absorption studies of the same biases we investigate here were performed on a heterogeneous compilation of previous known intrinsic HI absorption with a wide range of source sizes that were typically located at low redshift (e.g., Vermeulen et al. 2003; Gupta et al. 2006; Geréb et al. 2014 ). These results are arguably not unbiased because non-detections have generally not been uniformly published, which will skew the detection rates. We use this large survey to test the UV luminosity threshold hypothesis and the high rate of intrinsic HI 21 cm absorption toward compact radio sources.
The paper is outlined as follows. The compact radio source sample selection is described in Section 2 and their observations are described in Section 3. The results and comparison to previous 21 cm absorption searches are presented in Section 4. Section 5 presents the analysis of the HI detection rate with the radio and UV luminosities. We discuss the findings in Section 6 and we summarize the results and conclusions in Section 7.
Throughout this paper, we adopt a flat ΛCDM cosmology with Ω m = 0.27, Ω Λ = 0.73, and H • = 71 km s −1 Mpc −1 (Komatsu et al. 2011) . All quantities obtained from the literature are recalculated (if necessary) for this cosmology.
SAMPLE SELECTION
Compact radio sources are often classified by their morphology and radio spectral index, providing insight 6 The satellite OH conjugate lines (1612 and 1720 MHz) are a rare astrophysical phenomenon where the two lines have the same shape but opposite signs, arising due a population antiinversion mechanism resulting from quantum mechanical selection rules (Elitzur 1992; van Langevelde et al. 1995; Darling 2004; Kanekar et al. 2018) .
7 The National Radio Astronomy Observatory is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities, Inc.
into the properties and nature of these sources. GHz-Peaked Spectrum (GPS) sources are intrinsically small (i.e., not foreshortened by projection effects; Fanti et al. 1990 ) and show a low frequency turn-over in their spectra, mainly attributed to synchrotron self-absorption and free-free (thermal bremsstrahlung) absorption (Jones et al. 1974; Menon 1983; O'Dea & Baum 1997) . Compact Steep-Spectrum (CSS) sources show steeper powerlaw spectra than is typically seen in radio galaxies (Peacock & Wall 1982) . Compact Symmetric Objects (CSOs) show a compact double-lobed structure with advance speeds, indicative of young jets (Wilkinson et al. 1994; Owsianik & Conway 1998) . Flat-Spectrum Radio Sources (FSRSs) are characterized with a double-peaked synchrotron/Compton spectral energy distribution, possibly associated with a blazar or with the compact core of a radio galaxy (Fugmann 1988; Molina et al. 2012 ). These classifications are not disjoint in the literature; for example, most CSOs are also classified as GPS sources (Xiang et al. 2005) .
Candidate intrinsic HI 21 cm absorbers in this survey include nearly all known GPS sources, CSS sources, and CSOs (ca. 2005) with δ > −35 • (Spencer et al. 1989; Fanti et al. 1990; de Vries, Barthel, & O'Dea 1997; Morganti et al. 1997; O'Dea & Baum 1997; Peck & Taylor 2000; Xiang et al. 2005 ) for a total of 60 objects (34 GPS sources, 29 CSS sources, and 7 CSOs, with some overlap between the classifications). The FSRSs were selected from White & Becker (1992) with S > 0.3 Jy at 780 MHz, adding an additional 85 sources to the sample selection.
In total, the sample includes 145 objects with known optical redshifts 0 < z < 4, with the vast majority of the sample at redshifts less than z ∼ 1. Figure 1 shows the redshift and the continuum flux density at the expected redshifted line frequency of the two samples (compact and flat-spectrum sources; Section 4.2). Table 1 lists the sources, their radio classifications (GPS, CSS, CSO, and FSRS), total integration time for each reduced spectrum.
OBSERVATIONS AND DATA REDUCTION
From September 2004 to August 2005, we observed 85 FSRSs for intrinsic absorption in the HI 21 cm line (1420.405752 MHz), and 81 in the four 18 cm OH lines at 1612. 231, 1665.4018, 1667.35903, and 1720.5300 MHz simultaneously (GBT program 04C-018). We additionally observed 60 GPS, CSS, and CSO radio sources for intrinsic absorption from December 2005 to May 2006 (GBT program 06A-044): 59 sources were observed in the HI 21 cm line, and 44 sources were observed in the four OH 18 cm lines. One source, PKS 2135−209, was only observed in the OH lines. All observations were conducted using a 5-minute position-switched mode in two linear polarizations with 9-level sampling, 3-to 15-sec records, and a 50 MHz bandwidth centered at the redshift of the radio source host galaxy. Each bandwidth contains 4096 spectral channels with a width of 12.2 kHz per channel (a channel width of 3.86 km s −1 at z = 0.5). A calibration diode signal was injected for half of each record. Total on-source integration times were typically 30 minutes for the GPS, CSS, and CSO sources and 5 minutes for the FSRSs, listed in Table 1 .
Each off-source-flattened and diode-calibrated spectral record was inspected and flagged for radio frequency interference (RFI). All records were then averaged in time and polarization, Hanning smoothed, and baselineflattened using a polynomial fit, typically of third order with a final post-smoothing spectral resolution of 24.4 kHz per channel. All data reduction was performed using GBTIDL 8 . Final mean spectra were inspected for absorption lines within a few thousand km s −1 of the optical redshift of the host galaxy. The observable velocity span was typically determined by the RFI conditions rather than the spectral bandwidth.
RESULTS
The nature of 36 sources (25% of the total sample) remains ambiguous due to unrecoverable contamination of RFI, a pernicious impediment to the detection of new absorption systems. The remaining 108 sources have the majority of their spectral range free from RFI and are able to be searched for HI or OH absorption. Table 2 lists the RFI-free velocity range searched for HI 21 cm absorption toward each radio source, the measured rms noise (away from RFI and spectral lines) in the mean spectra, the continuum flux density at the expected frequency of the redshifted spectral line obtained from power-law fits to extant continuum measurements in the literature (see Section 4.2), HI column densities (or upper limits toward radio sources not detected in 21 cm absorption), and the projected size of each radio source as obtained from literature searches (see Section 5.3). Table 3 lists the properties of the OH 18 cm line observations toward a subset of the sample. The 1665 and 1667 MHz lines are both observed, but we only list the properties of the 1667 MHz line because it places the strongest upper limit on the OH column density among the 18 cm lines. The continuum flux density is interpolated at the expected frequency of the redshifted 1667 MHz line from continuum measurements in the literature following the same method used for the 21 cm spectral observations (Section 4.2). When the 1667 MHz line could not be observed due to RFI, the 1612 or 1720 MHz transitions are used as the reference instead.
Line Detections and Limits
We detect intrinsic HI 21 cm absorption in 6 of the 108 RFI-free compact radio sources in our sample. The detection rate is 5.6%, substantially lower than in previous intrinsic HI absorption line surveys (Section 6). All of these absorption lines are detected in previous surveys (see Table 2 for references). The detected line spectra are shown in Figure 2 , where velocities are referenced to the optical heliocentric redshift. Table 4 lists the measured and derived properties of the detected HI 21 cm absorption lines. Table 2 lists the measured upper limits to the column densities, calculated according to Section 4.3.1 and further discussed in light of previous studies in Section 4.4.1. We show the spectra of the 102 RFI-free sources that show no significant HI 21 cm absorption lines and are predominately free from RFI in the Appendix. PKS 0742+10, at z = 2.64, shows a redshifted negative spectral feature with a signal to noise of 3.4σ. We compare our spectrum to that of Curran et al. (2013) , also obtained at the GBT. The Curran et al. (2013) spectrum shows narrow RFI at the frequency of the potential absorption line. This suggests that the feature in our spectrum is likely to be an incompletely flagged or low-level RFI feature. We therefore treat PKS 0742+10 as a nondetection in all subsequent figures and statistics, with the rms noise measured away from the spectral feature.
None of the four 18 cm OH lines are detected in absorption or emission in 102 RFI-free spectra out of the 125 objects observed. Table 3 lists the properties of the OH sample, and Figure 15 in the Appendix shows the OH 1667 MHz non-detection spectra of the four 21 cm absorbers in our sample with RFI-free OH spectral observations.
Flux Densities
The nature of our observations with the GBT maximizes the on-time observation of targets and as a result does not give the necessary observations to flux calibrate the data and directly measure the continuum flux density. Moreover, for position-switched observations, RFI and instrumental effects frequently result in negative continuum values, artificial continuum slopes, and bandpass structure. The continuum is however paramount to obtain the optical depth and measure the column density or place a limit in the cases of non-detections (see eqn. 1). We therefore obtain the continuum flux density at the frequency of the redshifted HI and OH line of each source from an interpolation between extant continuum measurements in the NASA Extragalactic Database (NED) using a single spectral index power-law fit (a linear fit in log S ν -log ν space). In order to cope with the heterogeneous literature continuum measurements, we try whenever possible to select values published from the same catalogs and pass bands, most often observations at 1410 , 1340 , 750, 635, 408, and 365 MHz (Laing & Peacock 1980 Large et al. 1981; Ficarra, Grueff, & Tomassetti 1985; White & Becker 1992; Douglas et al. 1996; Rengelink et al. 1997; Stanghellini et al. 1998; Condon et al. 1998; Stanghellini et al. 2005; Orienti et al. 2007; Petrov et al. 2008) . The uncertainties in the interpolated continuum flux densities listed in Tables 2 and 3 are obtained from estimates of the 1σ confidence intervals of the power law continuum fits for each object. This treatment neglects potentially significant time variation in radio source fluxes.
Column Densities

HI Column Density
Column densities are derived from the integrated optical depths of spectral lines. The column density associated with a given 21-cm line optical depth is calculated according to Wolfe & Burbidge (1975) as
where T s is the spin temperature of the 21 cm line in Kelvin, f is the fraction of the area of the continuum source covered by the absorber, and τ dv is the optical depth τ integrated across the velocity span of the line, in km s −1 , calculated from the continuum fluxes acquired in Section 4.2 and the strength of the absorption line. A Gaussian absorption profile can be integrated: τ dv = π/ ln 2 τ max ∆v/2, where τ max is the peak optical depth of a line with a full width half max (FWHM) of ∆v. The column densities of the six re-detections of 21 cm absorption are calculated according to Eq. 1 and are listed in Table 4 . We use both Gaussian fits and direct integration for the total HI column density of the 21 cm detections.
For the non-detections, we assume optically thin lines, and the 3σ upper limit on the column density can be approximated by
where τ 3σ ≈ 3σ/S, σ is the rms noise, and S is the continuum flux density of the radio source at the redshifted line frequency. All HI column densities are computed assuming T s = 100 K and a uniform covering factor of f = 1, resulting in an HI column density limit in the CNM phase of the ISM. We note that this is not the total HI column density as the 21 cm transition is not a reliable tracer of the gas in WNM due to the optical depth inversely related to the spin temperature.
Non-detection column density limits assume ∆v = 30 km s −1 . Table 2 lists the column densities and limits for the non-detections and all upper limit spectra are shown in the Appendix. Figure 3 shows the HI column density distribution as a function of redshift for the 108 RFI-free sources.
OH Column Density
For the redshifted OH 18 cm line non-detections, we use the 1667 MHz OH transition to place the strongest upper limit on the OH column densities via
where X = 2.38 × 10 14 cm −2 (Curran et al. 2008) for the 1667 MHz transition, and T x is the excitation temperature of the OH 1667 MHz line. When the 1667 MHz line could not be observed due to RFI, the OH column density limit is calculated using the 1612 MHz or 1720 MHz transition, which have X = 2.14 × 10 15 cm −2 (X 1612 MHz = 9 × X 1667 MHz , following the 18 cm OH line ratios in thermodynamic equilibrium). We make no assumption about the OH line excitation temperatures and leave T x as a free parameter in our tabulation and analysis. As with the HI lines, for the OH lines we assume a uniform covering factor of f = 1, and a line width of ∆v = 30 km s −1 . Figure 4 shows the OH column density limits as a function of redshift for the 102 RFI-free sources in the sample. Because we find no OH detections, as well as no new HI detections, we are unable to place any meaningful constraint on possible redshift variations in the fundamental physical constants, discussed in Section 1.
Comparison to Previous Work
HI 21 cm Absorption Studies
This intrinsic HI 21 cm absorption search toward 144 compact radio sources (Table 1 ; one additional source is only observed for the four OH lines, for a total sample size of 145) obtained 108 spectra including six redetections, with 36 sources remaining ambiguous due to RFI. 21 objects in the survey sample are previously observed for intrinsic HI absorption including nine known 21 cm line absorbers in the sample.
We made no new 21 cm absorption detections, however, we do re-detect six of the nine known HI absorption systems (Table 4) . We are not able to re-detect the three absorption line systems toward 3C49, B3 1355+441 ) or 3C190 (Ishwara-Chandra et al. 2003 due to RFI.
Our spectra of 3C138, 3C147, 0239+108, OE+131, TXS 0902+490, HB89 0954+658, 1004+141, FBQS J1159+2914, 1418+546, 1642+690, 3C380, 4C+29.56, 2007+222, and PKS 2149+056 improves the previous upper limit measurements Carilli et al. 1998; Curran et al. 2017 Curran et al. , 2019 Aditya & Kanekar 2018a,b) . Three objects, B3 0248+430, SBS 0804+499, and 3C147, were impacted by RFI in our observations, preventing independent upper limits on previous measurements. Five sources, 3C138, HB89 0754+100, COINSJ 1546+0026, PKS 2121−01, and HB89 2342+821 have column density limits comparable to previous surveys. Only two limits on our sources, B2 0738+31 and COINS J2022+6136, did not improve on previously published column density limits. The remaining 79 sources have (to our knowledge) never been searched for intrinsic HI absorption before. Table 2 lists the column densities or column density limits from our survey and previous surveys along with references, if applicable. All non-detections quoted at the 3σ level use the assumptions listed in Section 4.3.
The six detected absorbers all have column densities near or greater than the DLA limit of N HI > 2 × 10 20 cm −2 and we reached adequate sensitivity to have detected most known redshifted 21 cm absorbers if they had been present in our sample. 70% of our nondetections have 3σ upper limits below the DLA column density threshold for the detected absorbers. This suggests that while we have the sensitivity to detect new systems of cold gas (T∼100 K) at sub-DLA column densities, there must be physical reasons for the dearth of absorption lines in these redshifts radio sources in this survey, which we investigate further in Section 5.2.
OH 18 cm Absorption Studies
We searched 125 radio sources for the four OH 18 cm lines, which can appear in either emission or absorption. The spectra of 102 objects are unaffected by RFI for at least one of the four OH transitions. No OH emission or absorption lines are detected in any of the RFI-free spectra and the OH column density upper limits are reported in Table 3 . Only one source in our sample, B3 1355+441, has prior OH observations (Curran et al. 2006) . We report a 3σ upper limit on the OH column density of N OH /T x < 2.1 × 10 13 cm −2 K −1 , an improvement over of the 3σ measurement of N OH /T x < 11×10 13 cm −2 K −1 from Curran et al. (2006) .
Four RFI-free OH observations toward known 21 cm absorbers ( Figure 15 ) do not detect any OH lines despite reaching very low optical depths, 0.002 < τ 3σ < 0.01 (Table 3) . OH column density upper limits for the full sample span the range 10 12 cm −2 K −1 < N OH /T x < 10 16 cm −2 K −1 , consistent with upper limits quoted in previous surveys for non-detections of OH 18 cm absorption (Gupta et al. 2006; Curran et al. 2008 Curran et al. , 2011 .
ANALYSIS
We detect no new 21 cm absorption systems in our survey. We do, however, re-detect six known absorbers, for a detection rate of 5.6%. The following sections discuss factors that may negatively impact the ability to detect neutral HI gas, especially at high-redshift.
Radio Continuum Luminosity
One possible explanation of our low detection rate, especially at high redshift, is a high spin temperature. As shown in Equation 2, the measured HI column density is proportional to the (unknown) spin temperature T s of the absorbing gas. Previous studies investigated the impact of the local radio radiation field in driving the spin temperature up in associated absorption systems (e.g., Gupta et al. 2006; Curran & Whiting 2010) , finding little to no significance dependence of the radio luminosity on the detection rate or N HI . If the spin temperature is coupled to the local radio radiation temperature, an increase would cause weaker line absorption for a given column density. However, recent work by Aditya & Kanekar (2018a,b) suggest that gas excitation from the radio continuum may be responsible for the dearth of 21-cm absorbers detected at high redshift. This suggests that the spin temperature of the gas, a measure of the excitation from the lower hyperfine level (Field 1959) , can be raised by excitation to the upper hyperfine level by rest-frame 1420 MHz photons. Curran et al. (2019) has shown that this is unlikely and that the photoionization from the UV luminosity is dominant factor over the radio luminosity in negatively impacting the detection rate of 21 cm absorbers (see Section 5.2).
We test this possibility of the impact of the incident 21 cm luminosity on the absorption detection rate by calculating the specific radio continuum luminosity in the vicinity of the 21 cm line in the rest frame of each host galaxy (van Gorkom et al. 1989) :
where D L is the luminosity distance of the host galaxy, S ν is the observed 21 cm flux density at the frequency of the redshifted 21 cm observations, as calculated in Section 4 and listed in Table 2 , and z is the redshift. Table 5 lists the radio continuum luminosities for the sample. The median radio continuum luminosity of the detections is log(L Radio /W Hz −1 ) = 27.5 ± 0.4, consistent with the median luminosity for the non-detections at 27.5 ± 0.7. A Kolmogorov-Smirnov Test (KS-test) shows that the 21 cm rest-frame luminosity differs between the detections and non-detections at less than 1σ confidence level; the 21 cm luminosity does not appear to be a major factor in 21 cm absorption and cannot explain our low detection rate, also found in Curran & Whiting (2010) .
With the exception of a few low-luminosity radio sources, the radio luminosity-redshift distribution shows the Malmquist bias for flux-limited surveys: the most luminous objects lie at the largest distances ( Figure 5 ). As expected, the detections show an inverse correlation of radio luminosity with column density ( Figure 6 ). This, however, is an observational bias because the highest flux density sources typically have the highest luminosities ( Figure 5 ), and high flux densities provide greater column density sensitivity.
Ultraviolet Luminosity
Another possible explanation for this survey's lack of intrinsic 21 cm absorption at high redshift is the hypothesis proposed by Curran et al. (2008) that AGN with a high ultraviolet (λ UV = 1216Å) luminosity (L UV > 10 23 W Hz −1 ) may inhibit 21 cm absorption. If the UV flux of the central AGN is sufficient to ionize (or simply heat) the neutral gas within the host galaxy, UV-bright galaxies will be biased against the detection of 21 cm absorbers. These UV bright sources are also likely to be unextincted and may simply have less gas and dust along the line of sight compared to extincted sources, lowering the ability to detect absorption systems as sensitivity depends on both the covering fraction of the gas against the background source and the spin temperature of the gas. The UV luminosity bias will be compounded with increasing redshift because flux-limited surveys will naturally select UV-luminous objects at all redshifts.
We have searched the literature for optical and near-IR photometry of each source in our sample to estimate the rest-frame UV luminosity following the method in Curran et al. (2008) . Table 5 lists the optical and near-IR magnitudes for the sources searched for 21 cm absorption. Of our detected absorbers, 4C+76.03 does not have adequate available optical or near-IR observations. For this source, along with six sources with non-detections, we are unable to estimate the UV-optical slope in order to measure the expected UV luminosity. We therefore do not calculate a UV luminosity for these sources and they have been excluded from all plots and analysis related to the UV luminosity. In conclusion, we have five detections in 21 cm absorption and 96 sources with upper limits that we are able to calculate a UV luminosity for in order to test the hypothesis proposed by Curran et al. (2008) for the ionization of the atomic gas in UV-bright radio sources.
Using visible band magnitudes and attempting to maintain consistency in the heterogeneous sample and sources of magnitudes, the extrapolation or interpolation of the rest-frame UV luminosity at 1216Å is performed using a power-law fit to the B and R bands as these two bands are readily available for most for the sample. For sources where either of those bands are not available, observations at V or K bands are substituted in that order. We require a minimum of two bands to perform the power-law fit, for galaxies with more than two available magnitudes, we use all available optical and near-IR bands. Objects with Sloan Digital Sky Survey (SDSS) u g r i z magnitudes are converted to Johnson magnitudes using the methods described in Smith et al. (2002) and are not corrected for intrinsic source extinction.
The fitting is done by converting the visible band magnitudes to fluxes using Vega as a zero-point reference, with values for Vega in each band taken from Bessell (1979) , Campins et al. (1985) , and Schneider et al. (1983) . Under the assumption that a single power law applies from the observed optical wavelengths down to 1216Å, the UV flux density in the rest-frame of the host galaxy is obtained from the observed flux F 1 at wavelength λ 1 from Curran et al. (2008) as,
where the spectral index α is estimated as α = log(F 2 /F 1 )/ log(λ 2 /λ 1 ) for two observations at bands λ 1 and λ 2 , with fluxes F 1 and F 2 . This allows us to extrapolate from the observed visible-band photometry to obtain a UV flux at the observed wavelength λ UV (1 + z).
The specific UV luminosity in the rest-frame of the host galaxy is then calculated as,
where D L is the luminosity distance to the host galaxy and F λUV(1+z) is the rest-frame UV flux calculated from Eq. 5. The median and 1σ values of the UV luminosity of the full sample of 101 sources (5 detections, 96 non-detections, 7 sources with no L UV measurement) is log(L UV /W Hz −1 ) = 23.1 ± 1.4, consistent with the UV luminosity threshold of 10 23 W Hz −1 . The median luminosity of the HI absorption detections is log(L UV /W Hz −1 ) = 20.5 ± 1.1, and the median luminosity of the non-detections is log(L UV /W Hz −1 ) = 23.2 ± 1.4. If we only consider systems below the L UV < 10 23 W Hz −1 threshold, this reduces the number of RFIfree sources searched for 21 cm absorption from 101 to 47 targets. The detection rate for this subset of UV-faint sources increases to 9.8%. Figure 7 shows the distribution of the HI column density as a function UV luminosity. There are no HI 21 cm line absorbers associated with sources with UV luminosities above log(L UV /W Hz −1 ) > 23, further supporting the critical UV threshold above which 21 cm absorbers cannot be detected (Curran & Whiting 2010; Curran et al. 2017) . Figure 8 shows the UV luminosity as a function of redshift, demonstrating how the radio sources in this survey above a redshift of z ∼ 1 predominately have UV luminosities that are above the threshold. The requirement of UV/optical spectroscopic redshifts for radio spectral line surveys typically cause the high redshift sources to be the most luminous and are not ideal targets to show 21 cm or molecular absorption.
A KS-test comparing UV luminosities of the 21 cm detections to the non-detections, however, is not statistically significant, showing a 2.2σ difference between the samples. While the detections and non-detections do not appear to be drawn from distinct populations in UV luminosity, our sample of detections may simply be too small for statistical significance. Figure 9 shows the radio versus UV luminosities of the sample with a Pearson correlation coefficient of r = 0.35, significant at the 3.7σ level. As with all luminosityluminosity plots of flux-limited samples, some degree of correlation can arise from the correlation of both luminosities with distance. Figure 10 shows the measured column density (or 3σ upper limits) versus the ratio of the radio-to-UV luminosity. The five HI 21 cm absorbers have a weak preference be located in objects that have a higher than median ratio, indicating their preference to reside in sources with low UV luminosity and/or higher radio luminosity compared to the non-detected sources. A KS test results in a D-value of 0.677, significant at 3.2σ. Future work with a larger number of detections will be able to further investigate the effect of the UV and radio luminosities on cold gas, especially investigating preference for 21 cm absorption in UV-faint, radio-loud sources.
Physical Size
The size of the radio source may also influence the detection of HI 21 cm absorption. If the radio lobes predominately reside outside of the host galaxy, then the HI covering fraction will be small, and the apparent 21 cm optical depth will be correspondingly diminished.
The sizes of the radio sources in our survey are compiled from existing literature ( Table 2 ). Physical and projected sizes are calculated using the angular size distance for each redshift. Projection (and presumably relativistic beaming) can confuse analysis and interpretation because not all sources with small projected linear sizes are physically small and vice versa (see, e.g., Fanti et al. 1989) . Figure 11 shows the HI column densities (upper limits in the case of non-detections) as a function of the projected linear size of the radio source. The detection of absorption systems does not seem to depend on source size and we find no correlation between the column density and the size of the source (Pearson correlation coefficient of −0.31). The detection rates among the larger sources (> 1 kpc; 2 out of 21 sources) and the smaller sources (< 1 kpc; 4 out of 87 sources) are consistent with each other. Figure 12 shows that UV luminosity does not correlate with source size (correlation coefficient of r = 0.14, non-significant at 1.4σ). Among the detections, the larger sources do exhibit a higher UV luminosity (L UV > 10 22.5 W Hz −1 ) than the smaller sources (L UV < 10 21 W Hz −1 ), but the correlation is not statistically significant for a sample of five detections. Among non-detections, smaller sources (≤ 1 kpc) show a median UV luminosity of log L UV = 23.0 ± 1.3 W Hz −1 , consistent with that of the larger sources (> 1 kpc) with a median of log L UV = 22.6 ± 1.5 W Hz −1 . The median UV luminosities likewise do not differ among radio source classification types: the median UV luminosity of the GPS, CSS, and CSO sources is log L UV = 22.8 ± 1.6 W Hz −1 , while for FSRSs, the median value is log L UV = 23.1 ± 1.2 W Hz −1 . Figure 13 shows the relation between the radio continuum flux density and linear size of the radio jets, where the smallest radio sources tend to also be the faintest. These properties are countervailing in terms of the HI 21 cm absorption line detectability. Column density sensitivity increases toward brighter objects, which tend to occur in the largest radio sources. However, the largest radio sources are the most evolved (thus possibly residing in galaxies with less neutral gas) and most likely have the smallest covering fraction if the radio lobes are located outside the galaxy, reducing sensitivity for systems with lower column densities. We do not find that smaller sources have a higher rate of detection in 21 cm absorption, instead, we find that the detected absorbers cover the full range of jet sizes available in the survey, concluding that the size of the radio source is not a main contributor against the detection of HI 21 cm absorption.
DISCUSSION
Some of the first surveys toward compact radio sources revealed intrinsic HI 21 cm detection rates of 30-60% in low redshift radio galaxies (Morganti et al. 2001; Pihlström et al. 2003; Vermeulen et al. 2003; Gupta et al. 2006 ). These previous surveys measure typical optical depth limits of τ 3σ 0.001 − 0.2 for non-detections. We recover a mean optical depth limit of τ 3σ < 0.023 for our non-detections with a broad range from 10 −6 < τ 3σ < 0.15, where 70% of the non-detections lie below the DLA column density threshold. For sources in our survey that were also present in previous studies, we typically achieve greater sensitivity and are able to improve prior upper limits.
The high success rate of 21 cm absorbers in these low-z studies have triggered follow up surveys to target compact radio sources in attempt to increase the detection rate of 21 cm absorption systems. The high success rates of these low-redshift surveys are in stark contrast, however, with surveys aimed toward high redshift z 1 targets, where the detection rate plummets to single digits (Curran et al. 2008; Aditya et al. 2016; Curran et al. 2017 ), hinting at a connection between the redshift of the source and the success of detecting 21 cm absorption lines. While our sources span the redshift range 0.2 < z < 3.8, 75% of our RFI-free sample lie at redshifts z < 1 and we recover a detection rate of less than 6%, with all absorbers identified in prior surveys. Lack of new detections, especially at low redshift, while reaching the sensitivity to re-detect known absorbers, demonstrates that there have to be external physical factors at play that negatively impact the detection rate of neutral gas absorbers in our sample.
It is becoming clear that absorption of cold, neutral gas within galaxies that host radio sources is a multifaceted problem, with many factors impacting the detection rate of HI 21 cm absorption, especially at high redshift. Different effects may influence each other and work together, such as the observed anti-correlation of the HI column densities with size of the radio source (Curran et al. 2013; Geréb et al. 2015) . We do not recover the same correlation, although our data are not inconsistent with a decrease in the HI column density with increase in source size ( Figure 11 ). Our results are limited by an extremely small number of detections. Surveys such as this one, even with such a large non-detection rate, across a range of parameters (e.g., redshift, column density, UV/radio luminosity, radio source size) marks an attempt to better test and constrain the multitude of factors that impact the gas reservoirs and will allow for a more comprehensive understanding of the physical, kinematic, and chemical properties of the neutral gas in the AGN environment.
Our low detection rate does not allow us to disentangle high (or even low) redshift biases against detection of 21 cm absorption. It is now clear that targeting UV-bright quasars, a condition imposed to reliably constrain the redshift of the source using the rest-frame UV continuum, are not identifying targets with large enough reservoirs of cold, neutral gas detectable with large radio surveys such as this study. Future surveys should be designed to target highly extincted, obscured sources that are not bright in the UV. Such surveys can leverage the infrared capabilities from WFIRST or even JWST to serendipitously detect potential HI targets that are UV/optical faint but bright in the mid-IR (e.g., Yan et al. 2012 Yan et al. , 2016 . The SKA and its pathfinders will undoubtedly inaugurate a new era in HI absorption surveys, owing to large instantaneous bandwidth coverage and field of view. The improved sensitivity and spectral coverage achievable with the SKA will overcome observational biases introduced by the conventional requirement of an optical redshift, ushering in a future of true "blind" HI absorption surveys.
CONCLUSIONS
We present the results of the largest survey to date to search for intrinsic HI 21 cm and OH 18 cm absorption at redshifts between 0.02 < z < 3.8 in 145 radio sources with the Green Bank Telescope. Below we summarize the major findings of this study.
1. Despite having the sensitivity to re-detect six previous detections of associated HI 21 cm absorption in our sample, we make no new detections of 21 cm absorption in the 108 sources for which we have RFI-free spectra. The overall HI 21 cm absorption detection rate is 5.6%, but no detections are made for z > 0.7. This is significantly lower than similar low redshift surveys.
2. We place an upper limit on the column density for all non-detections not affected by RFI, reaching a mean optical depth of τ 3σ < 0.023. 79 of the radio sources have never been observed for HI 21 cm before. Despite low flux density values at the frequency of our redshifted 21 cm spectral observations, coupled with the significant presence of RFI in our low-frequency spectral observations, we reached adequate sensitivity to detect nearly any damped Lyα system.
3. We have searched 125 of our sources for intrinsic molecular OH 18 cm absorption. We do not detect any of the four OH lines in the 102 RFI-free sources for which we have usable OH data, obtaining exclusively upper limits for all measured OH column densities. We do not detect OH toward five of the known 21 cm absorption systems for which we have spectra coverage. Lack of OH absorption in these systems is not a result of insensitive measurements and we place upper limits on the OH column that are consistent with previously detected OH absorption systems.
4. We find no HI 21 cm absorption above an ultraviolet luminosity of L UV 10 23 W Hz −1 . This supports the hypothesis that intrinsic 21 cm absorption cannot be detected in galaxies when the UV luminosity exceeds this UV luminosity threshold (Curran et al. 2008 ). Lack of 21 cm absorption in UV bright sources is an effect due to either the ionization of the neutral gas, higher spin temperatures in the environment around these luminous AGN, or sources that simply do not have a sufficient column of cold, neutral HI along the line of sight.
5. We do not find statistically significant evidence that the HI column density the of 21 cm systems in our sample depends on the radio jet size, UV luminosity, or radio (1.4 GHz) luminosity. We are limited, however, by small numbers.
6. With the exception of a single source, all of our RFI-free sources beyond z ∼ 1.2 arise in UVluminous sources above the UV luminosity threshold of L UV = 10 23 W Hz −1 . This suggests that a possible explanation that the dearth of intrinsic 21 cm absorption systems at high redshift is an selection bias favoring UV-luminous AGN. Requiring optical redshifts (rest-frame UV for z 1.6) imposes an optical bias and low-dust column, selecting the brightest, least obscured, and UV-bright radio sources at all redshifts. Such sources create an environment where neutral gas cannot survive and as such, are not detectable in 21 cm absorption. Table 4 . Upper spectra show the residual spectrum, offset for clarity. The velocity scale is in the rest frame of each object, defined by the optical heliocentric redshift of each radio source (Table 1) . Spectral regions lost to radio frequency interference are greyed out. . Radio luminosity versus redshift for RFI-free sources. We use the optical redshift for sources not detected in 21 cm and the absorption redshift for the six 21 cm detections. The horizontal bar on the 21 cm non-detections indicates the redshift search region for each source, generally determined by the RFI conditions. The solid red symbols represent 21 cm detections and unfilled black symbols represent the non-detections. The shape of the symbols represent the radio source identification: circles represent GPS, CSS, and CSO sources, and triangles represent FSRSs. Figure 6 . The lower panel shows the HI column density (upper limit in the case of non-detections) as a function of the specific radio luminosity. The horizontal dotted line indicates the canonical threshold for DLA systems. The solid red symbols represent 21 cm detections and unfilled symbols represent the non-detections. The shape of the symbols represent the radio source identification: circles represent GPS, CSS, and CSO sources, and triangles represent FSRSs. The upper panel indicates the total number of objects surveyed in each ∆L Radio = 0.5 dex bin (black, hatched histogram), the number of intrinsic HI 21 cm absorption lines detected (red histogram), and the 21 cm absorption fraction (text percentages above each bin).
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-Columns list the source name, Right Ascension and Declination, optical redshift, expected frequency of the corresponding HI 21 cm line, total integration times for each reduced spectra, radio source classification (GPS, CSS, CSO, FSRS), references for the classification, and references for any previous HI 21 cm observations. Numbers in parentheses indicate uncertainties in the final digit(s) of listed quantities, when available. 0.62 876.8 · · · RFI · · · · · · 1.1 2 0.99 6.7 3 (7) · · · RFI · · · · · · · · · 0.0017 0.013 2 0422+004 0.310 1084.3 · · · RFI · · · · · · · · · 0.0029 0. 2.1720(10) 447.80 (14) · · · RFI · · · · · · · · · 0.0087 0.075 2 OJ+287 0.306 1087.6 · · · RFI · · · · · · · · · 0.0030 0.014 2 PKS 0858−279 2.152 450.6 −1924, 3340 13.9 0.86(1) <2.9 · · · · · · · · · · · · TXS 0902+490 2.6887 (11) 0.6570(10) 857.2(5) · · · RFI · · · · · · · · · 0.0026 0.018 2 TXS 1848+283 2.56 398.99 −445, 6101 6.55 0.181(6) <7.6 · · · · · · · · · · · · TXS 1851+488 1.250(3) 631.3(8) · · · RFI · · · · · · · · · 0.005 0.04 6 1921−293 0.35263(18) 1050.11(14) · · · RFI · · · · · · · · · 0.0067 0. Note. -Columns list the source name, optical redshift, centroid or expected frequency for the HI 21 cm absorption line, velocity range searched (blue, red limits), spectral rms noise in the search region, the continuum flux density at the expected redshifted line frequency, the measured column density or 3σ upper limit, previously measured column densities (or upper limits), largest projected angular size and linear size, respectively, and references for the continuum source characteristics. Numbers in parentheses show uncertainties in the final digit(s). Detections and non-detections assume f = 1, and Ts = 100 K. Non-detections also assume a line width of 30 km s −1 (Sec. 4.3) . References for previous HI 21 cm observations (non-detections are converted to our standard linewidth and spin temperature to aid in comparison): Note. -Columns list the source name, optical and near-IR magnitudes, luminosity distance calculated according to Wright (2006) , specific UV and 21 cm radio luminosity in the host galaxy reference frame, and references for the magnitudes. For sources with only one magnitude listed, we do not calculate a UV luminosity. Optical band magnitudes references: 1 - Stanghellini et al. (1993) 
APPENDIX
We show the normalized spectra for the 102 RFI-free sources searched for intrinsic HI 21 cm ( Figure 14 ) and intrinsic OH 18 cm absorption in sources with known OH 21 cm absorption ( Figure 15 ). The observable velocity span for each source is a few thousand km s −1 above/below with respect to the systemic velocity of the host galaxy and is typically determined by the RFI conditions rather than the spectral bandwidth. Table 2 lists the measured upper limits to the column densities for the 21 cm absorption line search. Table 3 lists the upper limits for the OH absorption line search. Figure 14 . RFI-free sources not detected in HI 21 cm absorption. The velocity scale is in the rest frame of each object, defined by the heliocentric optical redshift of each radio source (Table 1) . Spectral regions lost to radio frequency interference are not plotted. Each spectrum spans ±1500 km s −1 except for PKS 0742+10, where the x-axis has been shifted to show the feature that arises at z = 2.64. The upper spectrum in PKS 0742+10 shows the Curran et al. (2013) data, supporting our non-detection interpretation of the possible absorption feature. 
